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(57) Abstract 



A method, and apparatus are provided for targeting 
lipid rich tissue to effect a desired method/apparatus 
involving irradiating the lipid rich tissue (16) with energy 
at a wavelength preferentially absorbed by lipid cells, such 
wavelength being preferably in a band between 880 nm to 
935 nm, 1150 nm to 1230 nm, 1690 nm to 1780 nm, or 
2250 nm to 2450 nm with a fluency, and duration sufficient 
to achieve a desired treatment For preferred embodiments 
the irradiation wavelength is between 900 nm to 930 nm, 
1 190 nm to 1220 nm, 1700 nm to 1730 nm, or 2280 nm to 
2350 nm. The method, and apparatus may for example be 
used to target one or more sebaceous glands (22) for the 
treatment of acne or hair removal to target subcutaneous fat 
for removal thereof, or for targeting fat on an anatomical 
elements for various purposes. 
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WO 99/49937 ^ PCT/US99/06475 

METHOD AND APPAR ATUS FOR THE SET JfTIVE TAPOFTTNr, 

OF LIPn>-RICH TISSITTTS 
Related Applications 

This application claims priority from provisional specification 60/079710 filed 
5 March 27, 1 998, the subject matter of which is incorporated herein by reference. 

Field of the Invention 

This invention relates to methods and apparatus for the selective heating of 
tissue including sebaceous glands, subcutaneous fat, lipid in membranes of cells, and fat 
1 0 surrounding organs, vessels, hair bulbs, and other anatomical elements, and/or to the selective 
destruction or removal of such tissue and/or structures adjacent thereto; and more particularly 
to methods and apparatus for using optical radiation in selected wavebands, which radiation 
may be obtained from a laser or other suitable light source, to effect such heating, removal 
and/or destruction. 

15 

Background of the Invention 

Adipose or lipid-rich tissue, which is also sometimes referred to as "fat" or "fatty tissue", 
is a common cosmetic and surgical problem, and excessive body fat may also pose certain other 
health risks. Many factors, including heredity, glandular fiinctionrnutrition and lifestyle affect 

20 both the extent and location of body fat. Despite dieting and exercise, many people cannot lose 
fat, particularly in certain areas. Heretofore, liposuction, a procedure in which fat is removed 
by a suction cannula under local anesthesia, or other forms of fat excision have been used. Fat 
also occurs in pads on the face and neck and small area local liposuction has sometimes been 
performed in these areas. However, liposuction is an invasive surgical procedure and presents 

25 all of the disadvantages and risks to the patient involved in such a procedure, including scars 
at the sites of entry into skin. Another problem with liposuction is that it is not selective in only 
removing unwanted fat, but also rips out tissue in the path of the liposuction hose, including the 
collagen supporting structure holding the patient's skin in place. This can result in cosmetically 
unattractive sagging skin in the treated area, in addition to significant pain to the patient both 

30 during and after the procedure, risk of infection and other potential problems. The trauma 
caused by extreme liposuction has in some cases even resulted in the death of the patient. 
Further, while liposuction can be used for the removal of deep fat, it is significantly less 
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effective forteiftoving fat at a superficial level of subcutaneous fat just below the dermis. Such 
removal is desirable in some cases because it is less traumatic to the patient. However, it is 
difficult to do with a liposuction cannula without scratching the dermis, damage to the dermis 
not healing readily, and attempts to perform surface liposuction also result in an uneven removal 
5 of fat which leaves an esthetically unattractive patterning on the patient's skin. Therefore, while 
liposuction is still used extensively for the removal of excess fat, it is not a desirable procedure. 

Fat is also a problem in various surgical procedures where it may be difficult to locate 
vessels, organs or other anatomical elements on which surgery is to be performed when these 
elements are covered in fat, and it may be difficult to close surgical openings in such elements. 

10 Performing surgery on vessels, organs or other elements covered by fat is therefore risky and 
current procedures for 'removing such fat to facilitate surgical procedures have significant 
limitations. Of particular concern is mesenteric fat which is a common hindrance in 
laparoscopic surgery. With the current trend of making surgical procedures less invasive by 
inserting tools through a small surgical opening, the removal of fat in the region where a 

1 5 surgical procedure is being performed, utilizing a tool consistent with such surgical procedures, 
so as to facilitate remote viewing of the anatomical element being treated/operated on is 
therefore becoming increasingly important. 

In addition, a major problem for teenagers and others is acne which originates at least 
in part from obstruction of outflow from a sebaceous gland. Certain drug treatments for acne 

20 operate through a mechanism of decreasing sebaceous gland output. Destruction, removal, or 
unblocking of the sebaceous gland, which gland contains lipid-rich tissue, in a non-invasive 
manner are therefore desirable alternatives for treatment or prevention of acne. 

Another related problem is the removal of unwanted hair, and in particular the long-term 
or permanent removal of such hair by the damage or destruction of the hair follicle. Many 

25 techniques have been employed over the years for this treatment, including electrolysis, waxing 
and treatments with various forms of radiation, including light. However, electrolysis is slow 
and both electrolysis and waxing are painful to the patient and seldom permanent. Various 
radiation treatments, particularly those involving light, work more effectively for patients 
having darker hair than for patients with light hair and various proposals have been made over 

30 the years to add a chromophore in some way to the follicle to facilitate such treatments. The 
use of such artificial chromphores has not heretofore been particularly successful. 
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a. 

Other related problems involve either removing fat, for example in the stratum corneurn, 
under certain conditions, for example when a pressure injection is to.be given, selectively 
porating cells having lipid-rich walls to permit substances, for example therapeutic agents, to 
enter the cells or to permit the removal of wanted or unwanted substances therefrom or to 
5 otherwise heat or destroy lipid-rich tissue for various therapeutic purposes. 

While lasers or other light sources have been proposed in the past for heating, removal, 
destruction (for example killing), photocoagulation, eradication or otherwise treating 
(hereinafter collectively referred to as "treating" or "treatment") of lipid-rich tissue such as 
subcutaneous fat, the lasers proposed for such procedures have operated at a wavelength where 

10 lipid-rich tissue has an absorption coefficient which is generally significantly less then than that 
for water. This presents several problems. First, lipid-rich tissue is radiation heated as a result 
of absorption in the tissue of radiation energy. Therefore, for wavelengths at which lipid-rich 
tissue does not absorb the radiation strongly, large amounts of energy must be applied to the 
tissue in order to obtain the requisite heating. However, in addition to significantly increasing 

15 the cost of the procedure, the need for high energy poses a danger of damage to surrounding 
tissue or the tissue through which the radiation passes, particularly since most such tissue is 
primarily composed of water which absorbs the radiant energy much more at these wavelengths. 

This is a particular problem for subcutaneous fat which generally starts at a depth of at 
least 1 to 4 mm into a patient's skin, and may be deeper for some individuals or some body 

20 areas. Therefore, in order for the radiation to target to the subcutaneous fat to cause selective 
heating or destruction thereof, it must pass through several millimeters of tissue formed 
primarily of water. Since water preferentially absorbs at these wavelengths, most of the incident 
radiation is absorbed in the skin prior to reaching the subcutaneous fat and, since skin is a 
scattering medium, incident light is also scattered and reflected from the patient's skin, resulting 

25 in a very small fraction of the incident light reaching the subcutaneous fat. Therefore, due to 
both the small fraction of the applied energy reaching the subcutaneous fat and the low 
absorption of this energy by the fat, in order to get enough energy to the subcutaneous fat at 
these wavelengths to be effective, large amounts of radiation would need to be applied to the 
overlying epidermis and dermis. Since such high levels of radiation absorbed in the dermis or 

30 epidermis would cause significant thermal damage to these skin layers at the prior art 
wavelengths, treatment/destruction of fat cannot be performed through the skin, but must be 
performed by providing an opening, for example a surgical opening, through the skin to provide 
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direct contact with the fat tissue to be treated. Even when the radiation is applied directly to the 
fat tissue to be treated, high energy is required and great care must be exercised to avoid 
excessive radiation of surrounding or underlying tissue so as to minimis damage thereto. 
Other prior art fat treatment techniques, involving the use of either microwaves or ultrasound, 
either alone or in conjunction with liposuction, to melt or loosen the fat and to remove it or have 
it absorbed into the body, have either proved not to be effective for fat removal, have posed 
potential health hazards to patients, either actual or perceived, or have still involved invasive 
procedures, the risk of which have been discussed earlier. 

A need therefore exists for an improved technique for heating and destroying, or 
otherwise targeting lipid-rich tissue, including, but not limited to, subcutaneous fat, sebaceous 
gland, lipid in membrane-cells and fat covering anatomical elements on which surgical or other 
procedures are is to be performed, which does not suffer the limitations of prior art techniques, 
including liposuction, and which is significantly more selective than the prior art in the 
destruction of lipid-rich tissue over tissue containing water so as to safely achieve the desired 
effects on lipid-rich tissue in performing a therapeutic procedure. 

Summary of the Invpntinny 

In accordance with the above, this invention provides a method and apparatus for 
selectively targeting lipid-rich tissue to effect a desired treatment, the method/apparatus 
involving irradiating the lipid-rich tissue at an infrared wavelength at which the ratio of 
absorption of the radiation by lipid-rich tissue to absorption by water is 0.5 or greater, and 
preferably greater than one. In particular the irradiation is preferably at a wavelength between 
880-935 nm, 1 150 to 1230 nm, 1690 to 1780 nm, or 2250 to 2450 nm with a fluence and for a 
duration sufficient to treat such lipid-rich tissue. For preferred embodiments, depending on 
application, the irradiation wavelength is between approximately, 900 to 930 nm, 1 1 90 to 1 220 
nm, 1700 to 1730nm,or2280 to 2360 nm, with approximately 920 nm, 1210 nm, 1715 nm, and 
2300 nm being most preferred wavelengths. While the fluence and duration of irradiation will 
vary somewhat with the patient undergoing treatment^ the anatomical location of the tissues 
being treated, the radiation source and wavelength, the size of the lipid-rich tissue being treated 
and other factors, for preferred embodiments the treatment fluence may for example be 
approximately 0.5 J/cm 2 to 500 J/cm 2 , with the duration of treatment pulses being 
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approximately 10 to several seconds, or even minutes for photothermal effect, and less than 
1 jis (i.e., generally 1 us to 1 ns) for photomechanical effects. 

Where the lipid-rich tissue being treated is one or more sebaceous glands, irradiating the 
tissue/gland is performed by applying the energy at an indicated wavelength, which wavelength 
5 is preferably in one of the higher bands, to the skin surface overlying such one or more 
sebaceous glands. Where the lipid-rich tissue is subcutaneous fat, energy may be applied to the 
skin surface overlying the subcutaneous fat to be treated. Where either the sebaceous gland or 
subcutaneous fat is treated through the overlying skin, and particularly for subcutaneous fat, the 
radiation is preferably applied through an applicator which applies pressure to the skin above 

10 the lipid-rich tissue being treated. ..This pressure reduces the distance from the radiation- 
applying applicator to the lipid-rich tissue being targeted, removes blood from the area above 
the fat tissue being targeted and compresses such overlying tissue to reduce scattering and 
enhance optical focusing of radiation on the treatment area. It is also desirable that the skin 
above the area being treated be cooled to a selected depth, which depth is above that of the 

15 lipid-rich/fat tissue being targeted. Thus, cooling could be deeper for the treatment of 
subcutaneous fat, where the cooling could be most of the way through the dermis, while the 
cooling would be to a much shallower depth, perhaps only to the dermis/epidermis (DE) 
junction, where the sebaceous gland is being treated. While radiation in the higher bands can 
be used, and may be preferable because of the higher absorption coefficient of fat in these 

20 bands, for treating the sebaceous gland which is relatively close to the skin surface, absorption 
by water at these wavelengths make it difficult to reach subcutaneous fat, 1 and radiation in the 
lower bands, for example in 1 1 50 to 1 230 nm range where water is less absorbent may therefore 
be preferable for treating subcutaneous fat. In addition to or instead of pressure being applied 
to the skin, a fold of skin may be drawn into a recess in a radiation delivery head in a suitable 

25 manner and radiation applied to the recess from at least two directions. This has a number of 
beneficial effects, including reducing the distance from the radiation source to the lipid tissue, 
increasing the radiation at the desired depth without increasing radiation in regions above the 
target area and, where a retroreflection technique to be discussed later is utilized, substantially 
eliminating radiation loss as a result of the scattered radiation reflected from the patient's skin. 

30 Alternatively, to increase the local intensity for treatment of subcutaneous fat when delivered 
through the overlying skin, a convergent incident beam is advantageous to compensate for 
losses due to optical scattering and absorption in the dermis. 
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While the sebaceous gland may be heated to destroy the gland as part of an acne 
treatment the sebaceous gland may also be heated to cause destruction of adjacent areas of a 
hair follicle, for example the stem cells of the hair follicle as a treatment to achieve hair removal 
and impede regrowth. Radiation in the indicated wavelengths may also be applied selectively 
5 to cells having lipid-rich membranes to porate the membranes to for example permit selective 
drug delivery to the cells or for other purposes for lipid-rich cells or tissue may be otherwise 
targeted and heated for affecting some other therapeutic function. Since the radiation fluence, 
pulse duration, wavelength and other factors may be carefully controlled, and the area to which 
the radiation is directed may also be controlled, selective lipid-rich cells may be non-invasively 

10 targeted to achieve the above and other therapeutic affects. 

Where subcutaneous fat is being non-invasively treated, duration of radiation pulse and 
the temperature to which the fat or lipid ; tissue is heated are critical to the desired results. For 
example^ at increased temperature, fat is altered by a biochemical reaction or lipolysis, while 
for higher temperatures and sufficient pulse duration, fat cells are killed, permitting the cells and 

15 liquid lipid therein to be absorbed. At still higher temperatures, cell membranes are destroyed, 
permitting lipid pools to be formed. These pools may also be absorbed but, since free fatty acid 
in lipid can be toxic in sufficient quantity, if substantial quantities of fat cell membranes have 
been destroyed, permitting a large lipid pool to be formed, it is preferable to remove the lipid, 
for example with a cannula or needle. The heated collagen of supporting structure may react 

20 to provide a more pleasing skin appearance after treatment and avoid sagging folds of skin or 
skin depressions where the lipid tissue has been destroyed. While all of the fat in a 
subcutaneous layer may be treated, it is difficult to get sufficient energy deep into the fat, so 
treatment is generally restricted to a surface layer of the fat. Repetitive treatments may be 
performed to remove successive layers of the subcutaneous fat. 

25 While non-invasive procedures are preferable, subcutaneous fat may also be treated by 

passing a probe through the skin to the subcutaneous fat to be treated. The probe, which may 
for example be a needle, may be passed into the subcutaneous fat at an angle to the skin surface 
and the probe may be moved both in an out of the skin and rotated about its skin entry point to 
irradiate and treat subcutaneous fiat over a selected area. This needle or probe may also contain 

30 a cannula for removing liquid lipid pooled as indicated above from the radiation treatment 

Where lipid-rich tissue/fat surrounds a vessel, organ or other anatomical element on 
which a surgical or other procedure is to be performed, the irradiation may be performed by use 
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of a tool which is in at least near contact, arid preferably in contact, with the fat to be treated, 
the element treating the fat to expose the anatomical element on which the procedure is to be 
performed. Because radiation for this embodiment does not need to pass through water rich 
tissue to reach the fat, wavelengths in the higher bands would normally be used for this 
procedure. 

While various light sources might be utilized to obtain optical energy within the required 
bands, and in particular at the preferred wavelengths, including a suitably filtered tungsten 
lamp, an optical parametric oscillator, a Raman convertor or shifter, a color center laser or a 
tunable dye laser, the preferred light source at the desired wavelengths is a diode laser or lasers 
with flashlamp or diode pumping which will be described in greater detail later. 

The foregoing and other objects, feature and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of the 
invention as illustrated in the accompanying drawings: 

In the Prawings 

Fig. 1 is a diagrammatic sectional view of human skin illustrating both a hair follicle 
with a sebaceous gland and subcutaneous fat. 

Fig. 2A is a sectional view illustrating an area of subcutaneous fat under treatment in 
accordance with the teachings of a first embodiment of this invention. 

Fig. 2B is a sectional view illustrating an area of skin, either subcutaneous fat, sebaceous 
gland or other targeted lipid-rich tissue, under treatment in accordance with an alternative 
embodiment of the invention. 

Fig. 3 is a sectional view illustrating a section of skin with subcutaneous fat under 
treatment employing another alternative embodiment of the invention. 

Fig. 4 is a sectional view illustrating a tool being utilized to clear fat from a vessel on 
which a surgical procedure is to be performed in accordance with the teachings of this 
invention. 

Fig. 5 is a graph illustrating the coefficient of absorption of water and of human fatty 
tissue as a function of wavelength. 

Fig. 6 is a graph illustrating the ratio of human fatty tissue coefficient of absorption to 
water coefficient of absorption as a function of wavelength. 
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' * Detailed Description 

Fig. 1 is a simplified sectional view through a piece of human skin 10 illustrating the 
major skin layers. The outermost layer is the epidermis 12 which overlies the dermis 14. Under 
the dermis is a layer of subcutaneous fat 16. The epidermis is typically relatively thin, on the 
5 order of 0.1 mm, although this thickness varies for different parts of the body, with the lower 
portions of the epidermis near the DE junction lfr containing quantities of melanin which vary 
with the pigmentation of the individuals skin. The thickness of dermis layer 14 varies from 
approximately 1 to 5 mm depending on the part of the body and on the individual, and may be 
thicker in some instances. The lower third of the dermis typically contains numerous lobules 

1 0 of fat Subcutaneous fat 1 6, which may be several centimeters thick, therefore generally starts 
at a depth of a little less-than 1 mm to approximately 4 mm from the skin surface. 

Fig. 1 also illustrates a single hair follicle 20 with an adjacent sebaceous gland 22. Hair 
follicle 20 has a bulb or papilla 23 and stem cells in a bulge region 25, both of which are 
involved in the growth and regrowth of hair from the follicle. Sebaceous glands 22 are formed 

15 primarily of fat/lipid-rich tissue. The cells lining the outer portion of sebaceous glands are 
called sebocytes. These cells migrate inward, synthesizing a lipid-rich fluid called sebum as 
they differentiate and finally are shed. The sebum flows outward through a duct into the 
infundibulum ("pore") of the follicle. The greasy, oily material which accumulates on the 
surface of skin is sebum, after flowing out of numerous follicles. When the outflow from a 

20 sebaceous gland becomes clogged, it may result in the formation of an acne pimple. This is a 
particular problem for larger sebaceous glands, for example those on the face and upper back, 
which are the most common sites of acne. Sebaceous glands are typically found approximately 
1 mm below the skin surface, although they may be at greater depths in some instances, and are 
in the dermal layer 14 as shown in Fig. 1 . 

25 While as was discussed earlier, various techniques have been used in the past to remove 

unwanted fat, and there has been limited use of lasers for treating fat tissue, since there was not 
selective absorption by lipid-rich tissue for the wavelengths at which such procedures were 
conducted, such fat treatment could generally be done only through a surgical procedure which 
permitted the laser to be brought directly adjacent or in contact with the fat tissue to be treated. 

30 However, because of the low absorptions of fat at such wavelengths, and the high ratio of water 
absorption to fat absorption, very high energy was required for treatment and extreme care had 
to be exercised so as to avoid unintended damage to other tissue either adjacent to or underlying 
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the fat tissue to be treated. As a result, such procedures have not been used to any significant 
extent. 

In order to determine a preferential wavelength for lipid absorption, it should be 
appreciated that the temperature rise in a given tissue as a result of absorbing a given amount 
5 of energy is a function of the density of the tissue and its heat capacity. When this temperature 
increase for absorbed energy is compared for water and fat or lipid-rich tissue, it is found that 
the temperature rise in the lipid-rich tissue for a given energy absorption is 1 .8 to 2 times that 
for water. Therefore, lipid-rich tissue need absorb 0.5 to 0.6 as much energy to achieve the 
same temperature rise as for water. Thus, for purposes of the following discussion, it will be 

10 assumed that lipid tissue preferentially absorbs at a wavelength for which the coefficient of 
absorption for fat is at least 0.5 that of water, although this ratio for preferred wavelengths is 
at least 1 and is 1 .5 or higher for selected wavelengths. 

Thus, as illustrated in Figs. 5 and 6, and in accordance with the teachings of this 
invention, it has been discovered that for wavelengths between approximately 880 nm and 935 

15 nm, 1 150 and 1230 nm, 1690 and 1780 nm, or 2250 and 2450 nm, lipid has at least 0.5 the 
absorption of water, and generally greater absorption than water, water being the major 
constituent of lipid-poor tissue. This absorption is attributed to a vibrational mode in the C=H 
and C-H bands common in lipids. These wavelength bands also are readily compatible with 
silica optics. For these regions, the absolute absorption by both water and lipid increases with 

20 increases in the wavelength (i.e., both water and lipid absorb most strongly in the 2250 to 2450 
nm range and absorb least strongly in the 900 to 930 nm range). The ratio of lipid absorption 
to water absorption is also greater for the higher wavelengths, being over 1 .5 for maximas at 
approximately 1715 nm and 2300 nm. Therefore, radiation within the above-indicated 
wavelength bands, and in particular radiation at or near various maxima in these bands such as 

25 925 nm, 1 2 1 0 to 1 230 nm, 1715 nm, or 2300 nm would be particularly effective for treating 
lipid-rich tissue such as sebaceous glands or subcutaneous fat. However, the depth which 
light/radiation reaches in a patient's skin is inversely proportional to light absorption above such 
depth. Since water is the primary constituent of skin tissue, water absorption is a controlling 
factor in the depth which radiation of a particular wavelength may reach in a patient's skin. 

30 Therefore, radiation in the 900 to 930 nm band and 1210 to 1230 nm band which are most 
weakly absorbed by water, while still being at least somewhat strongly absorbed by fat, are the 
currently preferred radiation bands for non-invasively treating subcutaneous fat, where the 
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radiation gene*ally needs to reach at least 3 to 4 mm within the patient's skin. However, 
• radiation in the higher bands, and particularly at 1200 nm (with focusing), 1715 nm, and 2300 
nm wavelengths, may be preferable for treating the sebaceous gland which is generally located 
only 1 mm into the patient's skin, since fat absorbs more strongly at these wavelengths and 
5 water absorption in the overlying skin is not as big a factor. The longer wavelengths could also 
be used where a suitable light emitting probe is positioned adjacent the fat to be ablated, for 
example to clear fat from a vessel, organ or the like or where a needle is used to get to 
subcutaneous fat. 

The first issue in implementing the teachings of this invention is to find a radiation 
10 source adapted for generating sufficient radiation at the required wavelengths. Unfortunately, 
while commercially available lasers or other radiation sources are available for the 900-930 nm 
range and YAG lasers operate at approximately 1060 and 1300 nm, current commercially 
available lasers/radiation sources are not normally adapted for generating radiation at the other 
preferred wavelengths. However, there are lasers and other radiation sources suitable for 
1 5 generating such radiation. 

For example, the following light sources with wavelengths around 920, 1200, 1 715, or 
2300 nm can be used for fatty tissue targeting: 

1 . Tungsten lamp or an arc lamp with an absorptive or reflective filter which filters the 
required spectral region. Optimum lamp temperature is in the region 1300-2000 K. 
20 2. Tungsten lamp or an arc lamp with a luminescence filter with a peak of luminescence 

at one of the spectral regions described above. As a filter, the following can be used: crystals 
with color centers, liquid dyes or dyes in a solid matrix. 

3. Diode lasers, such as GaAs (920 nm), AlGaSbAs (1200, 1215 nm), InGaAsP/InP 
(1715 nm), InGaAs (2300 nm). 
25 4. Lasers based on crystals with color centers and lamp or laser pumping. These would 

include crystals NaF with F 2+ centers (1200 nm) or KC1 with F 2+ centers (1215 nm) or KClLi 
with F 2+ centers (2300 nm). 

5. Lasers with non-linear wavelength conversion; optical parametric oscillators (OPO) 
or Raman converters can be used as such non-linear converters. Solid state lasers can be used 
30 for pumping (Nd laser, Ho laser, Er laser, fiber laser etc.) of OPO or Raman converter. 
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6. One of the most effective lasers can be a lamp pumped solid state laser with correct 
-spectral lines. For example crystals with ions Er 3 * can generate in the region 1200 nm ( 4 S 3/ ,-4 
% 1/l2 ) and 1715 ( 4 S 3/r * 4 I 9/2 ). 

For operating in the 1 700 to 1 730 nm range, one suitable laser is a potassium cadmium 
5 laser with the matrix KCd(W0 4 )2 which is doped with Er^erbium) ions. The concentration of 
Er 3 * ions should be in the range of 1-10 percent, with the optimal concentration being 
approximately 2-5 percent. The energy level transition 4 S 3/2 -* 4 I 9/2 should be used for laser 
generation. For both levels 4 S 3/2 and 4 I 9/2 , Stark broadening and the wavelength for maximum 
laser output depend on the relative orientation of the crystal axis, laser radiation axis and 

10 polarization of laser radiation. When the orientation is such that the axis of the laser beam is 
at an angle greater than 45 degrees with the crystal line axis [010], the spectral maximum of the 
laser output is at the desired 1715 nm wavelength. Maximum efficiency is achieved when the 
axis of the laser beam lies in the plane determined by the crystalline axis [100] and [001] and 
is directed along the optical axis N m which forms an angle of 24 degrees with crystalline axis 

15 [100]. If the same crystal is used for laser generation along the crystalline axis [010], the 
wavelength of laser generation for the same transition is 1 730 nm. Flashlamps, laser diodes, 
other lasers or other pump mechanisms can be used to pump the above crystal in order to 
achieve the desired wavelength output. 

In order to obtain maximum efficiency, the following scheme might be used to provide 

20 the desired radiation: 

A diode laser generating an output at approximately 920 nm is used to pump a Yb doped 
glass or fiber with a laser wavelength of 1 1 00 nm. This output is then frequency-doubled to 
obtain a wavelength of 550 nm which is the most efficient pumping wavelength and may be 
utilized for direct pumping of the 4 S 3/2 level. The maximum efficiency would be 0.6 (diode) x 

25 0.3 (fiber laser) x 0.7 (doubling) x 0.3 (Er laser) = 3.75 percent. With this laser, it is possible 

to achieve generation of wavelengths 850 nm CS^Xm transition) and 1220 nm ( A S 3/2 -+ 4 l ua 

transition), along with the generation at wavelengths 1 71 5 nm or 1 732 nm. The laser can work 

simultaneously at various combinations of these wavelengths including: 

A. = 1715 nm and X = 850 nm, or 
30 X = 1715 nm (X = 1730 nm) and X = 1210 nm, or 

X = 1715 nm (X = 1730 nm), X = 1210 nm and X - 850 nm. 
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Laser light from pumping diode laser (920 nm) can also be used for selectively heating 
fat. Control over the spectral distribution is achieved by changing mirrors or by a dispersive 
element inside the laser cavity. 

Radiation at 1730 nm, may be obtained if lasers based on YLF, YAG, YAL, YSGG or 
5 a fiber doped with Er* + ions are used. In these lasers, the same transition where 4 S X - ) ^ 4 I 9/ , is 
used, and the ion concentrations and the pumping methods would be substantially the same as 
for the preferred laser indicated above, but as indicated previously, would result in an output 
at 1730 nm, which is not one of the most optimal wavelengths for lipid-rich tissue ablation, 
although still suitable for this purpose. Its combination with X = 1210 nm and X = 850 nm is 

10 also possible. Pumping methods and concentration of active ions is the same as for the 
KCdOVO^zEr 3 *. The concentration of Er 3 * ions should be in the range 1-50%, with an optimal 
ion concentration being in the range 2-5%. 

Radiation at 1730 nm may be achieved using for example, an YLFiEr 3 * with 
concentration of Er 3 * 25% laser with flashlamp pumping. For this laser, the maximum output 

15 energy is 1 J, slope efficiency is 0.5 %, repetition rate is 4 Hz and the pulse width is 0.4 ms. 

Certain diode lasers may also be utilized to generate radiation within the desired 
wavelength ranges. For example, a laser based on InGaAsP/InP can generate laser output in a 
range of wavelengths about 1700 nm with fine temperature tunability and stabilization. 
Blackbody sources, such as a tungsten lamp with suitable optical filters, can also be used to 

20 produce the desired radiation. However, the spectral power and tissue selectivity of such light 
sources would be less than for laser sources. The optimal temperature of the heat source should 
be about 1700 degrees K, with approximately 5 percent of the radiation of the lamp operating 
at this temperature being in the spectral region between 1 700 nm and 1 760 nm. Further, while 
the desired wavelengths can also be achieved by a tunable laser like a dye laser, free electron 

25 laser, color center laser or Raman shifter, the efficiencies of these lasers is low and they are very 
expensive. They are therefore not as practical as other sources for this application. Finally, an 
optical parametric oscillator (OPO) with pumping from a solid state laser or a fiber laser could 
also generate energy at the desired wavelengths. An OPO has maximum efficiency only for 
very short pulses, and would be most useful therefore when treatment is accomplished by 

30 photomechanical or photodissociation at 1 ns to 4 fs interactions. Other light sources generating 
radiation within the indicated wavelength band might also be utilized in appropriate 
applications. 
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The time of exposure at a given site can be effectively used over a very wide range, but 
is preferably within either of two regions causing photothermal or photomechanical effects. For 
photothermal damage, or necrosis of lipid-rich tissues including fat and sebaceous glands, 
exposure durations of 0.1 ms to several minutes and sometimes higher are desirable, depending 
5 on the size of the targeted structure (for example the sebaceous gland diameter or subcutaneous 
fate depth being treated). For photomechanically-mediated damage, or necrosis, e.g by violent 
castation, shock waves, or spallation, an exposure of less than 1 microsecond is desirable, and 
less than 10 jas is most preferred. The longer exposure duration can be generated for example 
by a flashlamp-pumped laser, scanned or shuttered CW laser, or conventional sources described 
10 above. The shorter exposure durations, less than 10 \is can be generated by Q-switching or 
mode-locking of laser cavities, or by an OPO or Raman-shifted Q-switched laser as described 
above. 

Fig. 2 illustrates one way in which the teachings of this invention might be utilized to 
non-invasively treat either subcutaneous fat 16 (as shown in the figure), at least one sebaceous 

15 gland 22 or other targeted lipid-rich tissue. For this embodiment of the invention, an applicator 
30, which could for example be of the type shown in U.S. Patents 5,595,568 or 5,735,844, is 
utilized. Applicator 30 may have a lens 32 or other suitable contact element at the front end 
thereof, which element is adapted to be in pressure contact with the upper surface of epidermis 
12, thereby deforming the skin in the contact area for example as shown in Fig. 2. Applying 

20 pressure to the skin in this way provides a number of advantages. First, the pressure reduces 
the distance between the laser source and the sebaceous gland 22/ subcutaneous fat 1 6, thereby 
reducing the amount of tissue through which the light must pass prior to reaching the area under 
treatment. While radiation within the indicated bands is preferentially absorbed by the lipid- 
rich tissue, there is still absorption by the water/blood-containing tissue above the lipid-rich 

25 tissue being treated. Therefore, the greater the reduction in the quantity and thickness of this 
tissue, by for example tension, the iess energy is lost in this tissue, resulting both in more energy 
being available for treatment at the desired location and in less heating, and therefore less 
potential thermal damage, to the lipid-poor tissue not under treatment. 

The second advantage is that if the pressure is above the body's blood pressure (e.g., 

30 about 3 psi), the pressure will force blood out from under the applicator, further reducing 
absorption in the lipid-poor tissue through which the radiation passes. It has also been found 
that compressed tissue causes significantly less scattering of light energy passing therethrough, 
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or in other words is more transparent to such light energy, when under significant pressure than 
when not under such pressure. Not only does this phenomenon reduce radiant energy loss, and 
thus heating in the tissue above the tissue under treatment, but it also permits more effective 
focusing of light energy to facilitate heating and/or damage of only desired tissue. Thus, light 
5 could be focused to a depth of approximately 1 mm for treatment of lipid-rich sebaceous glands 
to for example treat an acne problem or for hair removal, and could be focused to a depth of for 
example 3 or 5 mm for treatment of subcutaneous fat 16. Fig. 2 shows an exemplary such 
focused radiation beam 34 being directed to the upper portions of subcutaneous fat layer 16. 
However, while applying pressure has some advantages, it is also disadvantageous in 

1 0 that blood flowing through the dermis is one effective way of removing heat so as to protect this 
area. This disadvantage needs to be balanced against the previously discussed advantages in 
deciding on whether to utilize pressure. 

One problem with applying energy to the sebaceous gland 22 or to subcutaneous fat 1 6 
through the overlying epidermis and dermal tissue is that, even though the overlying tissue do 

1 5 not preferentially absorb radiation at the indicated wavelengths, they do as can be seen from 
Fig. 5, and depending on wavelength, absorb significant radiation and can therefore become 
heated. Such heating can cause potential temporary skin damage or permanent scarring, with 
permanent scarring occurring primarily in the dermis 14. Blistering, peeling, and 
depigmentation are other potential adverse affects which may result from the heating of tissue 

20 above the lipid-rich tissue under treatment. 

Therefore, it is preferable that the epidermis and dermis above the lipid-rich tissue being 
treated be cooled at least prior to, and preferably both prior to and during, the application of the 
radiation to minimize thermal damage to tissue in these areas. However, it is also important that 
the cooling not extend to the lipid-rich tissue being treated since such cooling would impede 

25 the treatment of this lipid-rich tissue and may prevent the desired treatment thereof Therefore, 
when the sebaceous gland is being treated, cooling should not extent below or much below the 
DE boundary layer 1 8, and certainly should not extend much beyond 1 mm from the skin 
surface. Where subcutaneous fat 16 is being treated, the cooling may extent several millimeters 
into the dermis, depending on the thickness thereof. The cooling may be performed in the 

30 manner indicated in the before-mentioned patents or by other techniques known in the art. In 
particular, cryogenic cooling may be utilized to cool the skin to a predetermined depth prior to 
irradiation, or contact piece 32 may be cooled by flowing water or gas, or preferably by 
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semiconductor Peltier effect cooling as taught in co-pending application S.N. 08/759,136. The 
temperature of for example contact piece 32 and the time during which this piece is in contact 
with the skin prior to irradiation will be primary factors in determining the depth of cooling. 
The energy or fluence required to heat to a desired temperature and/or destroy targeted 
5 fat and the duration of the light pulses used for this purpose will vary, sometimes significantly, 
with the individual being treated, the area of the body being treated, the specific lipid-rich/fat 
tissue which is to be treated and the wavelength utilized. For a sebaceous gland 22 having a 
diameter which is generally in the 0.5 to 3 mm range, which is typical for sebaceous glands 
being treated which are frequently larger sebaceous glands, a fluence of approximately 10 J/cm 2 

10 to 500 J/cm 2 applied for a duration of approximately 1 0 ms to one second depending on the size 
of the gland, should result in destructive heating or other treatment of sebaceous glands in most 
instances, particularly if the pressure and cooling procedures discussed in the preceding 
paragraphs are followed. Higher fluencies are required if shorter wavelengths are used (for 
example 920 nm or 1200 nm) because of the lower absorption coefficient of fat at these 

15 wavelengths. 

While because of the higher absoiption of lipid tissue at the longer wavelengths, 
wavelengths such as 1715 nm, or 2300 nm may be utilized for targeting of a sebaceous gland 
22 or for treatment when the light source is adjacent the lipid-rich tissue, for non-invasive 
treatment of subcutaneous fat, particularly in region where the dermis is 3 to 4 nm thick, the 

20 high absorption of water at these wavelengths effectively prevents radiation at these 
wavelengths from penetrating to reach the subcutaneous fat layer, even when relatively high 
fluence signals are utilized. However, at the shorter wavelengths, for example 920 nm or 1200 
nm, water is significantly less absorbent, permitting a significant percentage of the applied 
radiation to reach at least the upper level of subcutaneous fat layer 1 6. However, as may be 

25 seen from Fig. 5, fat also has a significantly lower coefficient of absorption at these wavelengths 
than at the higher preferred wavelengths, meaning that more energy must be applied to the fat 
in order to achieve the same level of heating. For example, almost 1 0 times the energy must 
be applied to the fat at 920 nm as at 1 200 nm in order to achieve the same heating of the fat, and 
the heating increases by nearly another six times for the same energy at 1 71 5 nm. At 2300 nm, 

30 the energy absorbed is about five times greater than at 1715. However, beyond 1300 nm, 
substantially all energy applied to water-rich tissue is absorbed in passing through several 
millimeters of skin, and it is therefore very difficult, even with pressure, for radiation at these 
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wavelengths to be used for non-invasively targeting subcutaneous fat, except possibly in areas 
such as sacks under the eyes or in the neck where this fat may be closer to the surface. 
Therefore, it is currently contemplated that radiation in the band around 1200 nm is the best 
compromise between energy reaching the subcutaneous fat through the overlying tissue and the 
radiation being of a wavelength which is absorbed sufficiently by the fat tissue to cause a 
desired treatment to occur. 

The mechanism by which the fat is destroyed or otherwise reduced will vary to some 
extent with the duration of radiation pulses and the temperature to which the fat is raised. If the 
fat cell temperature is raised slightly from body temperature of about 37°C by for example less 
than 10°C, no lethal injury occurs to most of the cells. This temperature rise does however 
initiate a biochemical reaction or lipolysis in the fat cells causing the cells to metabolize fat, or 
accelerate the metabolization thereof, thereby reducing the level of fat. At higher temperatures, 
for a sufficient duration, depending on size, fat cells are killed. As with most dead cells, the 
body ultimately absorbs and disposes of these cells. At still higher temperatures, for example 
above 60°C, the walls or membranes of the lipid cells, which walls are primarily of lipid-rich 
material, are blebed, losing their ability to encapsulate the liquid lipid therein, the liquid lipid 
leaking therefrom to form pools which will also ultimately be absorbed by the body. However, 
liquid lipid contains free fatty acid which, in sufficient quantity, can be toxic to the human 
body. Therefore, if a substantial pool of liquid lipid is formed in this way, it is preferable that 
a hypodermic needle be inserted into this pool and that at least most of the liquid lipid be 
removed through the hypodermic needle so as to limit the amount thereof which is absorbed 
into the body. Typically, both because of the limited depth to which significant radiation can 
be applied in the subcutaneous fat layer and for other reasons, the blebed cells would generally 
only extend for a few millimeters into the subcutaneous fat layer, for example 2 to 3 mm. 
Pooled liquid lipid may also be removed by perforating the skin above it and pennitting it to 
drain or by facilitating drainage by manipulation/massage of the area or other techniques known 
in the art. 

The advantage of the above procedure is that, so long as the temperature is kept low 
enough, for example below approximately 70°C or other collagen damage threshold, there will 
be no damage to the collagen bands which hold the skin to the body, and in fact these bands 
may be contracted by the heat This maintains skin tone, notwithstanding the removal of the 
underlying subcutaneous fat and reduces sagging skin or dimples in the treated skin area. While 
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if the temperature of fat cells was raised high enough, the lipid could be melted, eliminating the 
need for the body to either absorb it or for it to otherwise be removed, and such procedure is 
also within the contemplation of the invention, it is not currently believed to be a preferred 
procedure because of the damage to the collagen bands in the subcutaneous fat layer and other 
5 problems which might occur at these elevated temperatures. " 

A possible procedure when using the teachings of this invention for ablating 
subcutaneous fat would be to place a cooling hand piece 32 in contact with the patient's skin, 
probably under at least some pressure, for a time sufficient to cool the skin to a desired level, 
perhaps 5 to 10 seconds. Because of hot blood flowing through the dermis, cooling generally 

1 0 levels off after roughly this duration and cooling to greater depth is not achieved. 

Once the precooling has been completed, the radiation source, for example the laser, is 
activated for an appropriate period of time, perhaps 1 to 1 00 seconds. The required fluence and 
pulse; duration can be calculated or can be determined empirically by using microwave or 
ultrasonic depth measuring techniques or other techniques known in the art for measuring 

1 5 temperature at depth. Another option is to insert a needle into the area where a liquid lipid pool 
should be formed if the heat was sufficient to bleb the cell membranes to see if a liquid pool has 
been formed. If a liquid pool has not been formed, then treatment is required at either a higher 
fluence or for longer duration. This procedure can be repeated until liquid lipid is obtained. 
The area from which the liquid lipid is being removed may be manually manipulated or 

20 "milked" to facilitate the removal of the liquid lipid pool. 

Since substantial fluence may be required in order to ablate subcutaneous fat in the 
manner indicated above because of both the energy loss in the overlying layers and the 
relatively low coefficient of absorption for the fat at the wavelengths which must be used to 
reach the subcutaneous fat, the head used for applying radiation should preferably utilize a 

25 photorecycling technique, such as that taught in U.S. Patent No. 5,824,023 or in co-pending 

application Serial No. filed March 12, 1999. In conjunction with photorecycling, 

another way of more efficiently getting energy to an area under treatment is to pinch a fold of 
skin containing the treatment area in a section of the radiation emitting head, facilitating the 
application of radiation to the treatment area from at least two directions. Such techniques are 

30 taught, for example in U.S. Patent No. 5,735,844 and in co-pending application S.N. , 

the contents of which are incorporated herein by reference. Fig. 2B illustrates an embodiment 
36 of the invention which practices this pinched-fold technique. For this embodiment the head 
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is foimed of an optically transparent dielectric material 37 such as sapphire or glass and has a 
plurality of optical fibers 38 affixed thereto or embedded therein which fibers are angled to 
impinge on a fold of skin 39 drawn into a recess 41 formed in material 37. Recess 4 1 might for 
example be 54 inch across. The head and recess may be relatively shallow with only the fibers 
5 38 shown in the figure or the head and recess may extend for a selected width into Fig. 2B and 
additional fibers 38 may be provided at selected points along such width. A hole or groove 43 
is provided to which negative pressure or vacuum may be applied to draw the fold of skin into 
groove 41 and a high reflecting coating 45 may be applied to the outer surface of material 37. 
Coating 45 is effective to retroreflect radiation exiting skin fold 39 back into the skin in a 

1 0 manner discussed in the prior patent/application to enhance energy efficiency, thus permitting 
more radiation to reach" a desired site for the same energy from a radiation source. Optical 
fibers 38 can be angled to target a desired lipid-rich tissue region in fold 39. 

While in the discussion above, required fluence has been more or less empirically 
determined, in some applications, the required fluence can be estimated by use of the following 

15 equation: 



P = 



p f • c f AT * d 

i -A 



(1) 



Where P is power density, AT is temperature rise required from normal body 
temperature of approximately 37°C to achieve lipid heating in accordance with the selected 
technique discussed above, d is the size of the targeted lipid region, for example the diameter 
20 of a sebaceous gland or the depth in for example subcutaneous fat or fat surrounding an organ, 
vessel or the like which is to be targeted, x f I is a thermal relaxation time of the fatty tissue 
targeted, t is pulse width, a, is absorption coefficient of the fatty tissue, p f is the density of the 
fat and c f is the heat capacity of the fat. Fluence (E) is given by: 

E=Px ( 2 ) 

Thermal relaxation time for fatty tissue can vary from several nanoseconds for lipid in 
25 the membrane of a cell, to seconds (for example for a sebaceous gland), to several hours (for 
example for subcutaneous fat). 
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Using the above equations, and assuming a temperature rise AT in the fat of 
approximately 13°C, to 50 °C, the fluence required to be applied to the skin for a wavelength 
of 920 nm is 50-500 J/cm 2 , the fluence required to be applied to the skin at 1200 nm is roughly 
1 0-1 00 J/cm 2 and the fluence for 1 7 1 5 nm is 1 -50 J/cm 2 . The low value in these ranges assumes 
5 the fat to be treated at substantially the skin surface with the fluence increasing as the depth of 
the fat being treated increases, the highest value being for subcutaneous fat at a depth of 
approximately 4 mm. Since at the other preferred wavelength band, radiation applied to the 
skin will not normally reach subcutaneous fat, for this wavelength band it has been assumed that 
the radiation is applied directly or nearly directly to the fat cells, differences in range being 
1 0 accounted for by differences in size or depth of the lipid cells being treated, pulse width and the 
temperature to which the fat is to be raised. With these assumptions, at 2300 nm, the fluence 
range is 0.5-20 J/cm 2 . " 

Where the pulse duration is longer than the thermal relaxation time of the fat cells or 
tissues being heated, this being sometimes referred to as quasi-stationary heating, power 
15 densities required for selective damage of or initiation of biochemical processes in the fatty 
tissue are estimated to be in the following range: 

920 nm: 500-2000 W/cm 2 

1200 nm: 50-500 W/cm 2 

1715 nm: 10-200 W/cm 2 
20 2300 nm: 5-50 W/cm 2 * 

The first three of these values are taken at the skin surface, while the last one is taken 
at the surface of the lipid tissue. 

While in the discussion above, the sebaceous gland 22 has been targeted for destruction 
as a treatment for acne, the sebaceous gland, being located close to the stem cells 25 of a hair 
25 follicle 20, may be targeted for other therapeutic purposes. In particular, the fat in the 
sebaceous gland could serve as a chromophore which is preferably heated by radiation at one 
of the selected wavelengths, the heat from the sebaceous gland if at a relatively low level being 
sufficient to sever the hair shaft at the level of the sebaceous gland, which hairs may then be 
washed away. This would be the equivalent of a shave which might last several weeks. More 
30 intense targeting of the sebaceous gland could result in sufficient heating to destroy the stem 
cells of the follicle which could sufficiently damage or destroy the follicle to provide long term 
or even permanent hair removal. This technique would be particularly advantageous for people 
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having very -light hair and light. skin with little melanin in either the hair shaft or follicle, 
melanin being the chromophore normally used in other radiation hair removal techniques. 

Another mechanism by which the teachings of this invention could be used for hair 
removal stems from the fact that papilla or bulb 23 is located in the upper regions of 
5 subcutaneous fat 16. Therefore, heating subcutaneous fat in the region of a hair follicle in the 
manner previously discussed will also result in a heating of the bulb/papilla of the hair follicle 
which can damage or destroy these structures. Damage or destruction of the bulb or papilla is 
another mechanism by which hair removal is effected. 

The teachings of this invention may also be utilized to target Iipid-rich tissue in other 
I 0 regions for other purposes. For example, the stratum corneum contains a layer of lipid tissue 
which serves as liquid "barrier in a persons epidermis. This liquid barrier can reduce the 
effectiveness of needless injections which rely primarily on pressure to inject a liquid agent into 
the patient. A short burst of radiation at one of the wavelengths indicated above, for example 
1715 nm or 2300 nm, could remove this lipid barrier in the area where the injection is to be 
1 5 made just prior to the injection to enhance the effectiveness thereof. 

It is also known that the membranes walls of many cells are composed substantially of 
lipid and that these membranes differ somewhat from cell to cell. Radiation at one of the 
wavelengths indicated above may therefore be effective to selectively porate cells, the 
selectivity being achieved either as a result of controlling the focusing of the radiation to a 
20 targeted region and/or certain of the cells in the region porating at lower fluence or less time of 
radiation application than others as a result of cell size, wall thickness and/or other factors. 
Poration may be done for example to permit a drug or other therapeutic agent to enter the cell 
for healing or destruction thereof^ for example, for the destruction of cancer cells, or to permit 
the content of the cell to flow out for various purposes. The poration may be temporary, or may 
25 be permanent resulting in cell destruction. 

Finally, while in the discussion above the targeting of lipid as a chromophore for 
affecting hair removal in two different ways has been discussed, it is apparent that lipid could 
be targeted in other areas as a chromophore for the heating and either the destruction or therapy 
on other body components. Thus, in certain areas of the body, heating of lipid may be used to 
30 shrink collagen for wrinkle removal or skin toning or the lipid layer in the stratum corneum may 
be targeted for other purposes. Fat surrounding nerves, blood vessels or other biological 
structures may also be target for heating and treating the underlying structure. The radiation 
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wavelength, intensity, and pulse duration would in each instance be adjusted based on the size 
of the lipid structure being targeted, its depth, the wavelength utilized, and other factors. 

Fig. 3 illustrates a technique which may be employed to treat subcutaneous fat either in 
areas where the dermis is too thick for treatment to be performed from the skin surface as shown 
in Fig. 2, where treatment is desired at depths in subcutaneous fat layer 16 which are too deep 
for treatment from the skin surface, where it is desired to operate at one of the more efficient 
longer wavelengths which do not normally penetrate to the subcutaneous fat, or for other 
reasons. In Fig. 3, a probe 40 is inserted through epidermis 12 and dermis 14 into subcutaneous 
fat region 16. Probe 40 may be a needle, or an opening may be formed in the skin through 
which a trocar or other cannula may be inserted, the probe 40 then passing through the cannula 
or trocar to the desired location. Other techniques known in the art for positioning a probe in 
subcutaneous fat region may be employed. 

Probe 40 can contain an optical fiber or fiber bundle through which optical radiation at 
the wavelengths previously indicated may be applied to the end of the probe. The end of the 
probe may be formed to either direct the light straight ahead, to direct the light at some angle 
to the direction of the probe or to direct the radiation in more than one direction. Particularly 
where one of the longer wavelengths, for example 2300 nm, are utilized which have a high 
coefficient of absorption in fat, a dispersive lens might also be employed at the end of the 
needle to expend treatment area. A relatively large area of subcutaneous fat may be treated by 
a single insertion of the probe by moving the probe in and out of the subcutaneous fat and 
possibly by also rotating the probe about the entry point. Where light is coming out at an angle 
to the direction of the probe, the probe may also be rotated to cover a larger area. By inserting 
the probe at an angle as shown in Fig. 3, a larger area can be covered, though at a shallower 
depth. A smaller area to a greater depth can be covered by inserting probe 40 at a sharper angle. 
If the temperature to which the fat is raised by the radiations from the needle results in a liquid 
lipid pool being formed, a cannula could be included around the optical fiber in probe 40 to 
remove this liquid on a periodic or continuous basis, or the pool could be removed in the 
manner previously discussed. While the procedure of Fig. 3 may be used for any part of the 
body where fat is to be removed, it may be particularly advantageous for areas with smaller 
pockets of fat such as the face or neck. Further, while several techniques have been taught 
above for applying radiation within a preferentially absorbed wavelength band to subcutaneous 
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fat for the treatment thereof, other techniques, including various surgical techniques, could be 
utilized for reaching selected regions of subcutaneous fat in appropriate situations. 

Another area where the teachings of this invention might be advantageously employed 
is to remove fat covering vessels, organs, or other anatomical elements on which a surgical 
5 procedure is to be performed so that the surgical procedure may be more accurately and safely 
performed with better visibility. In this instance, the tool for removing the fat might be inserted 
through a surgical opening or might be part of an endoscope or other tool inserted through a 
body cavity. The tool inserted could be similar to probe 40 and, to minimize damage to 
surrounding tissue, is preferably placed in contact with the fat to be treated, or at least in near 

10 contact with such fat, for irradiation. Thus, in Fig. 4 the tool is shown as a probe 50 inserted 
through a catheter 52 tcrthe fat 54 surrounding a vessel, gut or other vital structure 56 to be 
surgically treated. Catheter 52 could also include a standard probe to permit viewing of the area 
under treatment so that catheter 52 can be repositioned and treatment can be continued until a 
sufficient amount of the fat 54 lias been removed to expose vessel 56. Where larger surgical 

1 5 incisions are made, the tool for removal/treatment of fat 54 from vessel 56 might be hand held 
by the surgeon and manipulated by him to remove fat Since fat 54 preferentially absorbs 
radiation at the applied wavelengths, and strongly absorbs at the higher wavelengths usable 
where there is substantial contract between the probe and the fat to be treated, the treatment of 
fat 54 should result in little if any thermal damage to underlying vessel 56 and, particularly if 

20 the wavelength is at approximately 1715 nm, or 2300 nm, this danger will be significantly 
reduced from prior art procedures were the radiation utilized was not preferentially absorbed 
by the fat tissue. More specifically, the fluence and exposure duration can be adjusted to ablate 
or otherwise treat fat, but not the nearby or underlying non-fat tissue. 

A technique has thus been disclosed for the targeting of lipid-rich or fat tissue to effect 

25 a desired treatment by the selective application of optical radiation to such fat tissue at a 
wavelength preferentially absorbed thereby. While for various embodiments, the fat tissue for 
targeting has been discussed above, including the sebaceous gland, subcutaneous fat and fat 
surrounding anatomical elements on which surgical procedures are to be performed, the 
invention is not limited to targeting only such fat tissue, but may be employed for the targeting 

30 of any lipid-rich tissue. Further, while specific hardware has been described for producing 
radiation within the selected wavelength bands, other radiation sources capable of producing 
radiation within such bands might also be utilized. Finally, while specific methods and 
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hardware have been disclosed for applying the radiation to the various areas of lipid-rich tissue 
to be targeted, other techniques suitable for directing sufficient radiation at the requisite 
wavelengths to lipid-rich tissue may also be employed. Thus, while the invention has 
particularly been shown and described above with reference to preferred embodiments, the 
5 foregoing and other changes in form and detail may be made therein by those skilled in the art 
without departing from the spirit and scope of the invention, which invention is to be limited 
only by the following claims. 
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Claims 

L A mejhqd for selectively targeting lipid-rich tissue to effect a desired treatment, said 
method comprising irradiating said lipid-rich tissue with optical radiation at a wavelength for 
which absorption coefficients for fat and water have a ratio which is at least 0.5, the radiation 
5 being at a fluence and for a duration sufficient for the desired treatment. 

2. A method as in claim 1 wherein said ratio is at least 1 . 

3. A method as in claim 1 wherein said wavelength is in a band which is one of (a) 880 to 
10 935 nm, (b) 1 150 to 1230 nm, (c) 1690 to 1780 nm, and (d) 2250 nm to 2450 nm. 

4. A method as claimed in claim 3 wherein the wavelength is in a band which is one of 900 
nmto930nm, 1190 to 1220 nm, 1700 nm to 1730 nm, and 2280 nm to 2360 nm. 

15 5. A method as claimed in claim 4 wherein said wavelength is one of approximately 920 
nm, 1210 nm, 1715 nm, 2300 nm and 3375 nm. 

6. A method as claimed in claim 3 wherein said fluence varies as a function of a number 
of factors including the wavelength band utilized and the size of the lipid-rich tissue being 

20 treated. 

7. A method as claimed in claim 3 wherein said fluence is approximately 0.5 J/cm 2 to 500 
J/cm 2 . 

25 8. A method as claimed in claim 3 wherein said duration is approximately 4 fs to several 
minutes. 

9. A method as claimed in claim 3 wherein the lipid-rich tissue is at least one sebaceous 
gland. 

30 



10. A method as claimed in claim 9 wherein irradiating said tissue is performed by applying 
said energy to the skin surface overlying the at least one sebaceous gland. 
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11. A method'as claimed in claim 1 0 wherein the wavelength is in one of band '(b), (c), and 

12. A method as claimed in claim 3 wherein said lipid-rich tissue is subcutaneous fat. 

13. A method as claimed in claim 12 wherein irradiating said tissue is performed by 
applying said energy to the skin surface overlying the subcutaneous fat to be treated. 

14. A method as claimed in claim 1 3 wherein the wavelength is in one of band (a) and band 
]0 (b). 

15. A method as claimed in claim 1 3 wherein said energy is applied through an applicator 
applying pressure to skin above said subcutaneous fat to be treated. 

15 16. A method as claimed in claim 1 3 including cooling the skin above the subcutaneous fat 
to be treated to a selected depth. 

17. A method as claimed in claim 1 6 wherein said selected depth is in the dermal layer of 
said skin. 

20 

18. A method as claimed in claim 13 wherein a fold of skin containing subcutaneous fat to 
be treated is drawn into a slotted head and irradiated from at least two sides 

19. A method as claimed in claim 12 wherein irradiating said tissue is performed by 
25 applying said energy through a probe passed through the skin to the region of subcutaneous fat 

to be treated. 

20. A method as claimed in claim 1 9 wherein said probe is passed into the subcutaneous fat 
at an angle to the skin surface, and including performing at least one of moving the probe in and 

30 out of the skin and rotating the probe about its skin entry point to irradiate and treat 
subcutaneous fat over a selected area. 



A method as claimed in claim 19 including removing liquid fat formed as a result of the 
ion ablating lipid tissue walls through a cannula included as part of said Drohe. 
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22. A method as claimed in claim 12 wherein the radiation applied to said subcutaneous fat 
tissue is of sufficient fluence and duration to ablate walls of such tissue to form a liquid fat pool. 

23. A method as claimed in claim 22 including inserting a needle into said pool, and 
5 removing liquid fat from said pool through said needle. 

24. A method as claimed in claim 22 including said pool being absorbed into a patient's 
body. 

10 25. A method as claimed in claim 22 including draining said pool through an opening in the 
patient's skin. 

26. A method as claimed in claim 3 including focusing radiation to a treatment area in the 
subcutaneous fat. 

15 

27. A method as claimed in claim 22 wherein said fluence and duration are such that 
ablations of tissue walls occurs only to a selected depth in said subcutaneous layer. 

28. A method as claimed in claim 3 wherein said lipid-rich tissue is fat surrounding an 
20 anatomical element on which a surgical procedure is to be performed, and wherein irradiating 

said tissue is performed by a tool in at least near contact with the fat to remove the fat from and 
thereby expose the element 

29. A method as claimed in claim 27 wherein said wavelength is in one of bands (b), (c), 
25 and(d). 

30. A method as claimed in claim 3 wherein said treatment is achieved photomechanically, 
and wherein said duration is less than 1 us. 



30 



31. A method as claimed in claim 3 wherein said lipid-rich tissue is heated to heat and treat 
tissue adjacent thereto. 



) ) 

WO 99/49937 PCT/US99/06475 

-27- 

32. A method as claimed in claim 31 wherein said lipid-rich tissue a sebaceous gland, 
heating of the sebaceous gland effecting hair removal. 

33. A method as claimed in claim 32 wherein said lipid-rich tissue a subcutaneous fat, 
5 heating of the subcutaneous fat effecting hair removal. 

34. A method as claimed in claim 3 wherein said lipid-rich tissues a cell membrane, heating 
of the cell membrane selectively porating the cell. 

10 35. Apparatus for selectively targeting lipid-rich tissue to effect a desired treatement, said 
apparatus including: 

a source of radiation at a wavelength for which absorption coefficients for fat and water 
have a ratio which is at least 0.5, said source when energized, providing the radiation at a 
fluence and for a duration sufficient for the desired treatment; and 
15 a component which delivers the energy from said source to the lipid-rich tissue to be 

treated. 

36. Apparatus as claimed in claim 35 wherein said ratio is at least 1 . 

20 37. Apparatus as claimed in claim 35 wherein said wavelength is in a band which is one of 
(a) 880 to 935 nm, (b) 1 160 to 1230 nm, (c) 1690 to 1780 nm, and (d) 2550 nm to 2450 ran. 

38. Apparatus as claimed in claim 37 wherein the wavelength is in a band which is one of 
900 nm to 930 nm, 1 190 to 1220 nm, 1700 nm to 1730 nm, and 2280 nm to 2350 nm. 

25 

39. Apparatus as claimed in claim 37 wherein said fluence is approximately 0.5 J/cm 2 to 500 
J/cm. 

40. Apparatus as claimed in claim 37 wherein said source is a potassium cadmium laser with 
30 a matrix KCd(W0 4 >2 which is doped with Er 3 * ions, with an orieiitation such that the axis of the 

laser beam is at an angle greater than 45 degrees with the crystalline axis [010], the source 
generating an output at approximately 1715 nm. 
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4 1 . Apparatus as claimed in claim 37 wherein the component is an applicator adapted to be 
in pressure contact with skin above the lipid-rich tissue to be treated. 



42. Apparatus as claimed in claim 37 wherein said energy is applied to the lipid-rich tissue 
5 to be treated through overlying skin, and wherein the component includes a mechanism which 

cools said overlying skin to a selected depth. 

43. Apparatus as claimed in claim 37 wherein said component is a probe applied through 
skin overlying the lipid-rich tissue to be treated to a region containing such tissue. 

10 

44. Apparatus as claimed in claim 43 wherein said probe includes a cannula through which 
liquid fat formed as a result of the irradiation ablating lipid tissue walls is removed. 

45. Apparatus as claimed in claim 37 including a cannula inserted into a pool of liquid fat 
15 formed as a result of the irradiation melting lipid tissue walls to remove the liquid fat. 

46. Apparatus as claimed in claim 37 including a slotted head for irradiation delivery, and 
a mechanism for drawing a fold of skin to undergo said desired treatement into said slot of said 
head. 

20 48. Apparatus as claimed in claim 37 wherein said component is a tool which is adapted to 
be brought into at least near contact with lipid-rich tissue surrounding an anatomical element 
on which a surgical procedure is to be performed. 

49. Apparatus as claimed in claim 37 wherein said fluence is approximately 0.5 J/cm 2 to 500 
25 J/cm 2 , depending on a number of factors including wavelength band utilized and size of the 
lipid-rich tissue being treated. 



50. Apparatus as claimed in claim 37 wherein said duration. is approximately 4 fs to several 
minutes. 
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